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(54) Multiprogrammable tissue stimulator 

(57) An electronic stimulation system is used to con- 
trol pain over multiple regions of a patient's body. The 
system has one or more percutaneous leads, each hav- 
ing multiple electrodes, implanted within the patient's 
epidural space parallel to the axis of the spinal cord. The 
leads are connected to either a totally implanted system 
or a radb frequency system. The system is able to treat 



pain over different regions of a patient's body by "simul- 
taneously'' stimulating the patient with at least three dif- 
ferent stimulation settings. "Simultaneous" stimulation 
involves sequentially stimulating the patient with the 
multiple stimulation settings such that the patient re- 
ceives the cumulative effect of each stimulation setting, 
while not perceiving the transition from one stimulation 
setting to another. 



10 



28 

COMPUTER 



CM 
< 

o> 

CO 



00 
UJ 



30- 
12 



j TRANSMITTER 



14 




FIG. 1 



Printed by Jouve. 750O1 FVVRtS (FR) 



SOOCID: <EP ^0ei1395A2_L> 



EP 0 811 395 A2 2 



1 

Description 

FIELD OF THE INVENTION- 

This invention relates to an electronic tissue stimu- s 
lator. More specifically, the invention relates to an Im- 
proved neuromodulation system for managing various 
diffuse and multi-focal neurological and/or motor disor- 
ders. 

BACKGROUND OF THE INVENTION 

The concept of using electronic stimulation systems 
to control pain by nerve or muscle stimulation is well 
known. Spinal cord stimulation (SCS) is a technique that 
has been used for pain management since the 1 960s. 
SCS systems feature a pulse generator, discussed fur- 
ther below, coupled to one or more percutaneous leads 
having a plurality of electrodes (systems may also use 
a paddle-type lead that requires insertion by laminecto- 
my). The leads are positioned within a patlenf s epidural 
space, parallel to the axis of the spinal cord. The leads' 
electrodes are used to deliver a particularized electric 
field to a specific region of the spinal cord or surrounding 
tissue. Applying an electric field across one or more 
nerve bundles and/or nerwe roots can produce par- 
esthesia, or a subjective sensation of numbness, tin- 
gling or "pins and needles," at the affected nerves' der- 
matomes. This paresthesia, if properly directed and pro- 
duced at the necessary levels, can "mask" certain forms 
of chronic pain. 

The focus, characteristics and intensity of the gen- 
erated electric field are determined by the electrode con- 
figuration (I.e., the polarity, if any, assumed by each 
electrode) and the electric pulse waveform (collectively 
"stimulation setting"). The waveform properties include, 
at least, a stimulation frequency, a stimulation pulse 
wdth and phase information. 

SCS systems are of two types. The most common 
system is a totally implanted pulse generator (IPG). An 
IPG consists of a surgically implanted, internally-pow- 
ered pulse generator and, typically, a single multi-elec- 
trode lead- Once implanted, the IPG may be activated 
and controlled (programmed) by an outside telemetry 
source. The patient, being largely relieved of daily inter- 
action with the system, uses a small magnet to both turn 
the system on and off, and limitedly control the stimula- 
tion settings. The internalized power source limits the 
life of these systems to between two and four years. Af- 
ter the power source is expended, the patient is required 
to undergo replacement surgery to continue electrical 
stimulation. 

The second type of SCS system is a radio frequency 
(RF) system. An RF system consists of a surgically im- 
planted, passive receiver and a transmitter which is 
worn externally. The transmitter is connected to an an- 
tenna which Is positioned, externally, over the site of the' 
implanted receiver. In operation, the transmitter commu-. 



nicates, through an RF signal, to the implanted receiver. 
Just as with the IPG system, electrical stimulation is de- 
livered via implanted leads. Differing from an IPG. how- 
ever, RF systems typically posses greater power re- 
sources, thereby enabling RF systems to utilize multiple 
leads. An RF system, like the one described herein, is 
disclosed in U.S. Patent 4,612,934, issued September 
23, 1986toBor/(an. 

Although existing systems have proven effective, 
these systems provide only qualified relief to patients 
who experience multi-focal or complex pain. Current 
SCS systems can address, at a maximum, two distinct 
pain patterns - a "pain pattern" being a dermatome, der- 
matome segment or series of dermatomes afflicted by 
pain. One current system features two percutaneous 
leads, wherein the user can elect to address up to two 
unilateral pain patterns or a single non-complex, non- 
migrating bilateral pain pattern. 

■Unilateral pain" Is said to be that pain which is lo- 
calized on one side of the patient' body or the other. Uni- 
lateral pain is most efficiently addressed through a "uni- 
lateral electrode array," or a lead which is positioned to 
one side or the other of the physiological midline of the 
spine, e.g., an electrode positioned to the left of the 
physiological midline typically addresses pain located 
on the left side of the patient's body. Therefore, logically, 
■bilateral pain" is that pain which affects both sides of 
the patient's body, for example, lower back pain is often 
considered bilateral in nature. A bilateral electrode array 
generates an electric field to address bilateral pain. A 
bilateral electrode array may take two forms: (i) a single 
multi-electrode array positioned on or immediately 
about the physiological midline of the patient; or (II) two 
parallel multi-electrode leads positioned to either side 
of the physiological midline, in which the leads produce 
a single electric field which transverses the spinal cord. 
As began above, the system of this example can be con- 
figured to address two unilateral pain patterns or a single 
bilateral pain pattern. The limitation Inherent with this 
system is that a patient can experience only "either-or" 
pain management. Therefore, the patient Is restricted to 
the simplest form of "multi-focal" stimulation applica- 
tions. 

For those patients whose pain does not conform to 
the non-yielding stricture of prior art systems, it would 
be desirable to provide an improved SCS system, 
whether an IPG or RF system, which could accommo- 
date three or more stimulation settings to address dif- 
fuse, multi-focal pain, whether of a unilateral or bilateral 
nature or any combination thereof. A further desire 
would be to allow a patient, at will, to tailor a stimulation 
treatment from a group of programmed stimulation set- 
tings, wherein the patient may select: (i) a single stimu- 
lation setting, (11) any number of stimulation settings from 
the programmed group, the selected settings being ad- 
ministered "simultaneously" or (iii) "simultaneous" stim- 
ulation of all programmed stimulation settings. "Simul- 
taneous" stimulation being a mode of operation wherein 
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each selected stimulation setting is delivered to the pa- 
tient, the patient receiving the cumulative effect of each 
stinnulation setting, and not substantially perceiving the 
transition from one stimulation setting to another 

In addition to the use of this technology for pain 
management, some researchers believe that SCS may 
have beneficial application in obtaining relief from and/ 
or controlling the physical effects of peripheral vascular 
disease (PVD), angina pectoris, and various motor dis- 
orders. 

SUMMARY OF THE INVENTION 

It is, therefore, an object of the inventbn to provide 
an improved SCS system, the improved system being 
capable of being programmed with three or more stim- 
ulation settings to generate a corresponding number of 
electrical stimulation pulses. 

It Is another object of the invention to provide an 
improved SCS system which allows a patient, at will, to 
tailor a stimulation treatment from a group of pro- 
grammed stimulation settings, wherein the user may se- 
lect: (i) a single stimulation setting, (ii) any number of 
stimulation settings from the programmed group, the se- 
lected settings being administered "simultaneously" or 
(iii) "simultaneous" stimulation of all programmed stim- 
ulation settings. 

These and other objects of the invention are ob- 
tained by providing a microcomputer controlled system. 
The improved system is capable of storing and deliver- 
ing at least three stimulation settings, each stimulation 
setting potentially addressing a differing region of the 
patient's body. As well, each stimulation setting can pro- 
duce, rf the system possesses more than one multi-elec- 
trode catheter, electric fields characteristic of either a 
unilateral or bilateral electrode array. 

For example, for an RF system, the transmitter may 
store a plurality of stimulation settings. Stimulation set- 
tings Include data concerning, at least, an electrode con- 
figuration (the defined electric polarity of each electrode, 
if any), a stimuiatbn amplitude, a stimulation frequency, 
a stimulation pulse width and signal phase information. 
The treatment informatbn is encoded in the transmitter 
and impressed on an RF carrier signal which is broad- 
cast through a transmission antenna to the system's im- 
planted receiver 

An RF transmitter embodying the present Invention 
is configured to include three or more setting data reg- 
isters. Each of these data registers can be programmed 
to store an independent stimulation setting. Each inde- 
pendent stimulation setting can potentially target distinct 
regions of the patient's body to relieve pain or address 
other conditions such as motor disorders. Associated 
with each of the different stimulation settings is a stim- 
ulation amplitude, independent amplitude registers 
store each of the amplitude values. Since each ampli- 
tude is associated with a stimulation setting, this embod- 
iment Includes an equal number of setting data registers 



and amplitude registers. Each of the setting data regis- 
ters are connected to a setting select multiplexer which 
is used to select a particular stimulation setting to be 
broadcast by the transmitter Similarly, an amplitude se- 

5 lect multiplexer is used to select the amplitude informa- 
tion associated with the selected stimulation setting. 

To control the stimulation setting and associated 
amplitude broadcast to the receiver, the transmitter in- 
cludes a programmable setting time generator which is 

10 controlled by the microcomputer The setting time gen- 
erator generates a treatment Interval which Is sent to a 
programmable setting counter The treatment interval is 
the inten/al that a particular stimulation setting is broad- 
• -cast before the transmitter switches to the next stimula- 

is tion setting. In the "simultaneous" operations mode, the 
treatment modality is set such that the patient cannot 
discern the switching between stimulation setting inter- 
vals, or pulses, and feels only the cumulative effect of 
all settings. The setting counter uses the treatment in- 

20 terval to control the select lines of the setting and am- 
plitude multiplexers. The counter allows the setting 
counter to cycle through the desired stimulation settings 
substantially sequentially and ensures that all elected 
settings are broadcast. 

25 The system further includes a clock to provide a sig- 
nal at a continuous frequency. This frequency is altered 
by a frequency divider according to the microcomputer 
in accordance with the selected stimulation setting, to 
produce the desired stimulation frequency. The stimu- 

30 lation frequency is sentto a pulse width modulator which 
modifies the stimulation frequency to add the selected 
pulse width. All of the treatment information is combined 
at an RF modulator which impresses the combined 
treatment information on an RF carrier for broadcasting 

35 to the receiver 

The above embodiment is but one example and 
such example shall not be construed as limiting the 
scope of the present invention. In an alternative form, 
the present Invention may be embodied In an IPG sys- 

^0 tem. Other objects and advantages of the present in- 
vention will be apparent to those of ordinary skill in the 
art having reference to the folbwing specification to- 
gether with the drawings. 

45 BRIEF DESCRIPTION OF THE DRAWINGS 

Other objects and features of the invention will be- 
come more readily apparent from the following detailed 
descriptbn when read In conjunction with the accompa- 
50 nying drawings, wherein: 

FIG. 1 is a functional block diagram of partially Im- 
planted electronic tissue stimulation system; 
FIG. 2 Is a frontal view of the transmitter used in the 
55 partially implanted electronic stimulation system; 

FIG. 3 is a side view of the transmitter shown in Fig- 
ure 2; 

FIG. 4 Is a top view of the transmitter shown in Fig- 
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ure 2; and 

FIG. 5 is a functional block diagram of the circuit 
used to implement the transmitter used in the par- 
tially implanted electronic stimulation system. 

DETAILED DESCRIPTION 

Referring now to the drawings, Figure 1 illustrates 
a simplified block diagram of one embodiment of an 
electronic tissue stimulation system. The embodiment 
depicted is a radio frequency (RF) system and, particu- 
larly, a multi-channel neurostimulator having two multi- 
electrode catheters 20, 22. Stimulation system 10 es- 
sentially includes transmitter 12 and receiver 18. Re- 
ceiver 18, Including reception antenna 16, and multi- 
electrode catheters 20, 22 are surgically implanted be- 
neath patient's skin 32. Transmitter 12 combines pro- 
grammed stimulation settings with an RF carrier signal 
prior to passing the combination to the transmission an- 
tenna 14. From transmission antenna 14, the RF carrier 
signal/stimulation settings are transmitted through pa- 
tient's skin 32 to reception antenna 16 and receiver 18. 

The programmed stimulation settings specifically 
define and characterize the administered electric stim- 
ulation. In one embodiment, each stimulation setting is 
comprised of an electrode configuration and stimulation 
amplitude, stimulation frequency, stimulation pulse 
width and signal phase information. The electrode con- 
figuratk)n defines whether each electrode is on or off 
and, if on, the polarity of such electrode. The amplitude 
is the Intensity of the applied electric pulse. The frequen- 
cy is the number of times the electrodes are turned on 
each second. The pulse width is the amount of time the 
electrodes are left on during each cycle. Finally, the sig- 
nal phase setting defines the stimulation waveform as 
"monophasic" (either a positive or negative pulse) or "bi- 
phasic" (an alternating negative-positive or positive- 
negative pulse). 

Receiver 16 demodulates the carrier signal and de- 
codes the stimulation settings. Receiver 18 generates 
electrical pulses in accordance with the demodulated 
stimulation settings. The electrical pulses are realized 
at the distal ends of multi-electrode catheters 20, 22 
through electrodes 24a-h and 26a-h. The generated 
electric pulses, assuming the characteristics of the ac- 
tive stimulation setting, may utilize any combination of 
unilateral or bilateral electrode arrays. 

Figure 2 is a frontal view of transmitter 12. Trans- 
mitter 1 2 includes case 40 which houses the electronics 
(not shown) and battery 41 . Case 40 includes display 
42 which preferably includes a liquid crystal display 
(LCD) as is well known in the art. Display 42 allows the 
electronics of transmitter 12 to display the current set- 
tings for the transmitter and to prompt a user for input 
via a menu driven series of informational display 
screens. Display 42 has backlighting capabilities, allow- 
ing display 42 to be viewable in dim lighting. To save 
power and increase battery:lif e; the backlighting feature 
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operates only briefly each time the user presses either 
plus key 54, minus key 52 or scroll/enter key 56. Access 
door 44 conceals an inner compartment that includes a 
4-pin serial port connector 50 and a battery receptacle, 
5 for receiving a common alkaline battery 41 or other pow- 
er source. 

Figure 3 illustratesasideviewof transmitter 12. Clip 
46 is removably coupled to case 40 to effectively secure 
transmitter 1 2 to a user's belt, pocket or the like. Anten- 
10 na connector 48 connects transmitter 1 2 to antenna 14 
(Figure 1). 

Figure 4 is a top view of transmitter 1 2 and shows 
the user inputs which allow the user to interface with and 
program transmitter 12, Three position switch 58 allows 

IS the user to turn transmitter 1 2 off, or to place transmitter 
12 in one of two operating states. When transmitter 12 
is in the "on" position, the user may adjust the treatment 
information (i.e., stimulation settings) in transmitter 12 
using the three input buttons 52, 54, 56 and display 42 

20- as described below. However, when transmitter 1 2 is in 
the "lock" position, the user may review the treatment 
information on display 42, but cannot change any of the 
settings. 

Scroll/enter key 56 allows each of the stimulation 

25 setting parameters (electrode configuration, amplitude, 
frequency, pulse width and phase) to be scrolled 
through, or called up sequentially, for programming. In 
this embodiment, scroll/enter key 56 also acts as an en- 
ter key when held down for at least two seconds. Plus 

30 key 54 and minus key 52 are used to adjust all param- 
eter values by incrementing the parameter values up or 
down, respectively, when the specific parameter is dis- 
played in display 42. 

As an alternative to using transmitter controls 52, 

3S 54, 56, transmitter 1 2 may be connected to a specially 
programmed computer 28. Cable 30 (Figure 1) electri- 
cally couples transmitter 12, through serial connection 
port 50. to computer 28. In addition to merely providing 
an alternative means fcr programming transmitter 12, 

40 computer 28 can enable data collection , stimu lation set- 
ting optimization, electrode catheter placement feed- 
back, and other functions associated with the pre-, in- 
tra-, and postoperative implantation of system 10. A 
specially programmed computer 28 could be the com- 

45 puter system described in the co-pending patent appli- 
cation. Ser. No. 00/000,000, filed Apr. 0, 1996. which is 
incorporated herein by reference. 

It should be recognized that the present inventkxi 
is not limited to RF systems. Rather, the present inven- 

50 tion may also be implemented in the form of a totally 
implantable pulse generator (IPG). For an IPG, an ex- 
ternal telemetry source would transmit programmable 
stimulation settings to the implanted component of the 
system. 

55 Figure 5 is a block diagram of the circuit used to 
implement the present invention. Circuit 70 includes mi- 
croconnputer 74 which is used to control the various 
components of circuit 70. 
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A user interacts with system 10, and specifically mi- 
croconnputer 74. through display and keyboard Interface 
72. For the RF system described above, display 42 and 
transmitter controls 52. 54. 56 collectively represent dis- 
play and keyboard interface 72. For an IPG system, for s 
example, a programmable telemetry source (not shown) 
provides a medium by which a user may communicate 
with the system 10. 

Circuit 70 Includes setting data registers 82. Each 
individual setting data register 82 stores information 
concerning electrode configuration(s), stimulation fre- 
quency, stimulation pulse width and signal phase. For a 
dual lead system, the stored electrode configuration will 
define a unilateral or bilateral electrode array. The pre- 
ferred configuration of circuit 70 includes twenty-four in- 
dividual setting data registers 82 to store up to twenty- 
four stimulation settings. Notwithstanding the preferred 
embodiment, one skilled in the art shall understand cir- 
cuit 70 Is not limited to the number of setting data reg- 
isters shown by this specific embodiment. Further, set- 
ting data registers 82 can assume any form of memory, 
memory partitioning, or storage configuration to allow 
storage of stimulation setting data without departing 
from the scope of this invention. 

Setting data registers 82 are individually connected 
to setting select multiplexer 86 which is used to select 
a particular simulation setting, excluding stimulation am- 
plitude. The frequency and pulse width information are 
fetched by microcomputer 74 for operations that will be 
detailed below. The selected electrode configuration 
and phase information are sent to modulator 98 for com- 
bination with the setting's processed amplitude, fre- 
quency and pulse width Information. 

Amplitude registers 84 store the stimulation ampli- 
tudes associated with each of the stimulation settings 
stored in setting data registers 82. Accordingly, circuit 
70 should be configured to include the same number of 
amplitude registers 84 as setting data registers 82 
which, as stated above, is twenty-four in the preferred 
configuration. Amplitude select multiplexer 88 is used to 
select the amplitude corresponding to the selected stim- 
ulation setting. The selected amplitude is sent to digital- 
to-analog converter 90 where the digital amplitude In- 
formation is converted into analog as required by mod- 
ulator 98. One skilled in the art will understand that the 
amplitude registers 84 could be a part of the stimulation 
setting registers 82, or may assume some other storage 
configuratkxi without departing from the scope of this 
invention. 

Microcomputer 74 is connected to and controls set- 
ting time generator 78. Setting time generator 78 is pro- 
grammable and used to implement a selected time In- 
terval provided by microcomputer 74 (based on the then 
active stimulation setting), which controls the amount of 
time an individual stimulation setting and amplitude are 
selected. For example, in the preferred embodiment, a 
stimulation setting runs for at least two pulses and shall 
not run less than 10 milliseconds. Alternatively, each 



pulse could represent a differing stimulation setting, with 
no significant time delay between each pulse. The se- 
lected time inten^al provided by setting time generator 
78 is sent to setting counter 80. Setting counter 80 is 
programmable by microcomputer 74 and is used to se- 
lect the proper stimulation settings and associated am- 
plitudes corresponding to both a programmed sequence 
set, controlled by microcomputer 74, and to the time in- 
terval from the setting time generator 78. The count 
modulus of setting counter 80 is set by microcomputer 
74 according to the number of individual stimulation set- 
tings to be used. Counter 80 is cycled such that each 
elected stimulation setting and amplitude is transmitted 
to receiver 18 (Figure 1) for the time Interval pro- 
grammed into setting time generator 78. Time generator 
78 and counter 80 accomplish the selection and switch- 
ing by controlling the select line of setting select multi- 
plexer 86 and amplitude select multiplexer 88. thereby 
controlling which stimulation setting and amplitude are 
sent and for how long each is sent to modulator 98. 

Clock 92 is a standard oscillator which provides a 
known frequency to frequency divider 94. Frequency di- 
vkier 94 modifies the signal from clock 92 according to 
the commands from microcomputer 74 to produce the 
desired treatment frequency. The desired treatment fre- 
quency is then sent from frequency divider 94 to pulse 
width modulator 96. Pulse wkjth modulator 96 imposes 
the pulse width received from microcomputer 74 on the 
desired frequency. As stated earlier, the frequency of the 
treatment is the number of times the selected electrode 
combination is activated each second, while the pulse 
width of the treatment is the amount of time the electrode 
combination is on every time it isactivated. The frequen- 
cy and pulse width signal are sent from pulse wkJth mod- 
ulator 96 to nrxxiulator 98 where they are combined with 
(i) the electrode configuration and phase Information 
from setting select multiplexer 86 and (ii) the analog am- 
plitude informatbn from digital-to-analog converter 90. 
In addition to combining this treatment Information, 
modulator 98 encodes the combined treatment informa- 
tion on an RF carrier signal. The RF signal with the treat- 
ment information is sent from modulator 98 to RF oscil- 
lator 1 00. The output of oscillator 1 00 is delivered to an- 
tenna 14 where it is transmitted to receiver 18. As re- 
ceiver 18 of this embodiment possesses no internalized 
power source, the transmission from antenna 14 in- 
cludes that power necessary for receiver 16 to generate 
the defined electrical pulses. 

Alternatively, receiver 1 8 may possess a plurality of 
registers similar to the configuration of Figure 5. A re- 
ceiver of this nature could assume the form of an IPG 
system or an RF system wherein the receiver 18 con- 
tains an internalized power source to maintain the con- 
tent of the registers during non -transmission. The latter 
configuration would allow the reduction of the quantity 
of information transmitted between the transmitter 12 
and receiver 18, thereby increasing the longevity of the 
transmitter power source. 
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In operation, microcomputer 74 can be pro- 
grammed to administer any combination of stimulation 
settings. In a first mode, a user, through microcomputer 
74. selects a single stimulation setting. The user may 
choose to deliver the single stimulation continuously or s 
intermittently at a predefined or manually defined inter- 
val. In a second mode, the user, through microcomputer 
74, selects any number of stimulation settings from a 
group of stored stimulation settings. As an example^ us- 
er could select stimulation settings 1 . 5, 7 and 1 2 of stim- io 
ulation setting population 1 -24. The selected stimulation 
settings are delivered for their respective time inten/als 
in a continuous, substantially sequential manner The 
period between each stimulation setting, if any. is mini- 
mal so that the patient substantially cannot detect the is 
■transition" from one stimulation setting to the next, or 
at least do not find the change annoying. This stimula- 
tion technique allows the patient to perceive "simultane- 
ous" stimulation in those regions subject to the stimula- 
tion settings. Moreover, stimulation of multiple regions 20 
may be accomplished with a minimal burden on system 
power resources. In a third mode, user selects all the 
stored stimulation settings. System 10 administers each 
stimulation setting in the same "simultaneous" approach 
as discussed above. 2s 

While the invention has been particularly shown 
and described with reference to a preferred embodi- 
ment, it will be understood by those skilled in the art that 
various changes in form and detail may be made therein 
without departing from the spirit and scope of the Inven- 30 
tion. 



Claims 

35 

1 . An improved electric tissue stimulation system hav- 
ing a transmitting means, receiving means and at 
least one electrically coupled multi-electrode 
means, the transmitting means transmitting stimu- 
lation data to the surgically implanted receiving 40 
meansfordelivery of an electrical pulse through the 

at least one multi-electrode means implanted at se- 
lected tissue site(s), the system comprising: 

a) control means; 45 

b) means for storing at least three stimulation 
settings, connected to and programmable by 
the control means, to store at least three elec- 
trode stimulation settings; 

c) means for selecting each of the at least three so 
stimulation settings, programmable by the con- 
trol means, to select at least one stimulation 
setting form the means for storing at least three 
stimulation settings, the receiving means gen- 
erating an electrical pulse in accordance with ss 
that selected stimulation setting. 

2. The improved system of Claim 1,; wherein control 



means selects more than one stimulation setting, a 
series of substantially sequential stimulation pulses 
are delivered, each stimulation pulse correspond- 
ing to a selected stimulation setting, wherein a pa- 
tient receives cumulative stimulation In all bodily re- 
gions addressed by the selected stimulation setting. 

3. The improved system of Claim 1 , wherein such sys- 
tem possesses at least two multi-electrode means, 
and each stimulation setting may define an electri- 
cal pulse which emanates fronri a single multi-elec- 
trode means or utilizes at least two multi-electrode 
means. 

4. The improved system of Claim 1 further comprising 
manual input means allowing a user to input and 
modify any stimulation setting. 

5. The improved system of Claim 1 further comprising 
a connection means and a general purpose compu- 
ter, wherein the connection means permits the cou- 
pling of the transmitting means to the general pur- 
pose computer to allow a user to input and modify 
any stimulation setting. 

6. The improved system of Claim 5, wherein the con- 
nection means is a serial port utilizing a standard 
RS232 connection. 

7. The improved system of Claim 1 , wherein the trans- 
mitting means is an RF modulator, the RF modulator 
impressing stimulation data onto a radio frequency 
carrier signal to form a stimulation signal, the stim- 
ulation signal being broadcast to the implanted re- 
celving means. 

8. The improved system of Claim 1 , wherein the trans- 
mitting means is an external telemetry program- 
ming source and said receiving means is a totally 
implanted, internally-powered pulse generator. 

9. An improved electric tissue stimulator system hav- 
ing a transmitting means to transmit stimulation da- 
ta to a receiving means, surgically implanted within 
a patient, which receives the stimulation data and 
emanates electrical pulses to be delivered via at 
least one electrically coupled multi-electrode 
means implanted at a selected tissue site(s), the 
system comprising. 

a) a control means; 

b) means for storing at least three stimulation 
settings, connected to and programmable by 
control means, to store at least three electrode 
stimulation settings' 

c) means for selecting each of the at least three 
stimulation settings, connected to and pro- 
grammable by control means to select at least 
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one stimulation setting from the means for stor- 
ing at least three stimulation settings, receiving 
means emanating a stimutatbn pulse In ac- 
cordance with that selected stimulation setting. 

wherein control means selects more than one 
stimulation setting, the receiving means generates 
a series of substantially sequential stimulation puls- 
es, each stimulation pulse corresponding to that se- 
lected stimulation setting, such that the patient per- 
ceives cumulative stimulation to all bodily regions 
addressed by the selected stimulation settings. 

10. The improved system of Claim 9, wherein such sys- 
tem possesses at least two multi-electrode means, 
each stimulation setting defining a generated pulse 
which may be delivered via a single multi-electrode 
means or at least two multi-electrode means. 

11. The improved system of Claim 9 further comprising 
manual input means allowing a user to input and 
modify stimulation settings. 

12. The improved system of Claim 9 further comprising 
a connection means for connecting the transmitting 
means to a general purpose computer to allow a 
user to input and modify stimulation settings. 

1 3. The improved system of Claim 1 2, wherein the con- 
nection means is a serial port utilizing a standard 
RS232 connection. "'" 

1 4. The improved system of Claim 9. wherein the trans- 
mitting means is an RF modulator, the RF modulator 
impressing stimulation data onto a radio frequency 
carrier signal to form a stimulation signal, the stim- 
ulation signal being broadcast to the implanted re- 
ceiving means. 

15. The improved system of Claim 9, wherein the trans- 
mitting means is an external telemetry program- 
ming source and said receiving means is a totally 
implanted, internally-powered pulse generator. 

16. The improved system of Claim 9. wherein control 
means is a microcomputer. 

17. An improved electric tissue stimulator system hav- 
ing a transmitting means to transmit stimulation da- 
ta to a receiving means, surgically implanted within 
a patient, which receives the stimulation data and 
generates stimulation pulses to be delivered via at 
least one coupled, multi-electrode means, the sys- 
tem comprising: 

a) at least three setting data registers to store 
at least three stimulation settings; 

b) at least three variable parameter registers to 



store at least three variable parameters, each 
variable parameter register corresponding to a 
stored stimulation setting; 

c) a controller, coupled to the setting data reg- 
s isters and the variable parameter registers, to 

select a stimulation setting and a correspond- 
ing variable parameter to generate a stimula- 
tion pulse; and 

d) pulse generation circuitry, connected to the 
10 at least three setting data registers, the at least 

three variable parameter registers and the con- 
troller, to generate a stimulation pulse which is 
characteristic of the selected stimulation set- 
ting and corresponding variable parameter. 
IS each stimulation pulse being delivered via the 

at least one multi-electrode means. 

18. The improved system of Claim 17 further compris- 
ing a time intemal generator, programmable by and 

20 coupled to the controller, wherein the time interval 
generator switches between each of the stimulation 
settings and corresponding variable parameters at 
a programmable interval, such that patent per- 
ceives simultaneous stimulation at each site ad- 

2S dressed by each selected stimulation setting. 

19. The improved system of Claim 17 further compris- 
ing a computer interface and a general purpose 
computer, allowing the transmitter means to be con- 

30 nected to the general purpose computer to retrieve 
patient information and stimulation settings as well 
as permit a user to add and reprogram stimulation 
settings. 

35 20. The improved system of Claim 17 further compris- 
ing a display and a keypad, the display and the key- 
pad albwing a user to display and modify the stim- 
ulatbn settings. 

40 21 . The improved system of Claim 1 7, wherein the sys- 
tem possesses at least two multi-electrode means, 
each stimulation setting may define a unilateral 
stimulation pulse or a bilateral stimulation pulse. 

45 22. A method of electrically stimulating tissue through 
at least a partially Implanted system which includes 
a programming means, a receiving means, and at 
least one muKi-electrode means, comprising the 
steps of: 

so 

a) surgically implanting the receiving means 
and the at least one multi-electrode means 
within a patient, the mult I -electrode means be- 
ing placed at or about tissue Intended to be 

55 stimulated; 

b) electing one or nrK>re programmed stimula- 
tion settings, each stimulation setting corre- 
sponding to a differing region of pain and being 
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stored within the programming means and ; 

c) transmitting at least three differing stimula- 
tion settings between the programming means 
and the receiving means; 

d) ennanating a stimulation pulse, of a defined s 
duration, for each elected stimulation setting 
through and by at least one multi-electrode 
means. 

23. The method of Claim 22 further including the step io 
of automatically delivering each stimulation pulse in 

a substantially sequential manner. 

24. The method of Claim 23 wherein each delivered 
stimulation pulse slightly overlaps a preceding stim- 

ulation pulse. 

25. The method of Claim 23 wherein an imperceivable 
time delay separate each stimulation pulse. 

20 

26. The method of Claim 23 wherein each stimulation 
pulse Is delivered by at least two multi-electrode 
means, the stimulation settings may define a unilat- 
eral stimulation pulse or a bilateral stimulation 
pulse. 2S 



30 
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(54) Multiprogrammable tissue stimulator 

(57) An electronic stimulation system (1 0) Is used to 
control pain over multiple regions of a patient's body. 
The system has one or more percutaneous leads (20, 
22), each having multiple electrodes, implanted within 
the patient's epidural space parallel to the axis of the 
spinal cord. The leads (20. 22) are connected to either 
a totally Implanted system or a radio frequency system. 



to 



The system Is able to treat pain over different regions of 
a patient's body by 'simultaneously" stimulating the pa- 
tient with at least three different stimulation settings. 'Si- 
multaneous' stimulation involves sequentially stimulat- 
ing the patient with the multiple stimulation settings such 
that the patient receives the cumulative effect of each 
stimulation setting, while not perceiving the transition 
from one stimulation setting to another. 
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